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Abstract

A slingram geophysical survey was made in early 1978 as part of the 

integrated geological-geophysical study aimed at evaluating the Eleana 

Formation as a possible repository for nuclear waste. The slingram data were 

taken over an alluvial fan and pediments along the eastern flank of Syncline 

Ridge about 45 km north of Mercury, Nevada, on the Nevada Test Site. The data 

show that the more conductive argillaceous Eleana Formation varies in depth 

from 40 to 85 m from west to east along traverse lines. Northeast-trend ing 

linear anomalies suggest rather abrupt changes in subsurface geology that may 

be associated with faults and fractures. The results of the slingram survey 

will, when interpreted in the light of other geologic and geophysical 

evidence, assist in understanding the shallow parts of the geologic setting of 

the Eleana Formation.



Introduction

The purpose of this report is to present the electromagnetic data taken 

by the U.S. Geological Survey in an integrated geologic-geophysical study 

aimed at evaluating the Devonian and Mississippian El e an a Formation as a

possible repository for nuclear wastes. The survey area is located about 97
« ." i

km northwest of Las Vegas, Nevada, on the Nevada Test Site (Fig. 1-). Data 

contained in this report were taken along the eastern pediment of Syncline 

Ridge. Thirty-three east-west traverses were made and each traverse averaged 

1.6 km in length for a total of 54.3 km. The location of the traverse lines 

are shown in Figure 2. The data were referenced to a surveyed grid, where 

stations had been, established previous to this survey at 152.4-m intervals 

along east-west lines 304.8 m apart.

Instrumentation and calibration procedures

The equipment used in this survey is a commercially made si ingrain unit. 

The slingram method and interpretation are described in detail by Keller and 

Frischknecht (1966) and Frischknecht (1967). Briefly, the slingram technique 

is an electromagnetic (E.M.) method using a moving source and receiver. 

Electromagnetic fields are transmitted into the ground through a transmitting 

coil, and components of the induced EM field are measured at some fixed 

distance from the transmitting coil. The slingram unit used in this survey 

had the capability of measuring the real and imaginary components at five 

frequencies: 222, 444, 888, 1777, and 3555 Hz. The measured components are 

referenced to the primary field by an interconnecting cable between the 

receiving and transmitting coils. Measurement may be made at six coil 

spacings: 30.4, 61, 91.4, 122, 183 and 244 m. In order to determine the
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Fig. 1. Index map of south-central Nevada, showing location of geophysical 
survey on the Nevada Test Site.
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2. Part of the Tippipah Spring Quadrangle, showing the location 
of the siingram traverses.



oprtffitM'~colV spacing for this survey, the response from a vlayered-earth model 

was determined from data obtained from a previous dc resistivity sounding made

».fe* -^«* ----- > -  *n " ' _ *~*t ""V
by 'R. Carroll (U. S. Geological Survey, written coinmun. ,1978). A forward 

solution was computed to determine the slingram response at the five 

frequencies and at 122-, 183-, and 244-m coil separations. The results of
* .._-_ . *;_ ^

this computation" "are" illustrated in 3. The slJLngr~am response differs 

signif icantTy for curves at the 122-m and 244-m coil -spacings. The response 

parameter or conductivity parameter (B) at the 244-m coil separation is 0.2887 

at 222 Hz and 1.155 at-355-5 Hz. At the 122-m coil separation, B is 0.144 at 

222 -Hz and- 0.578-at - 3^55 Ilz. The EM response -par^ameter-, a measure of EM 

coupling, is discussed in detail by"Telford and others (1976). From the 

results of this analysis, a coil separation of 244 m was selected for this 

survey, because it seemed more likely that changes in the geoelectric section 

might be better recognized at the widest coil separation. A second series of 

model computations were made in which the depth to the conductive Eleana 

Formation was successively increased and the response^ computed at 244-m coil 

separation (fig. 4). The response curves are very similar to those shown in 

figure 3, with the greatest changes in response^ occurring at frequencies above 

888.Hz. It is seen that as the Eleana is deepened (p 5 in models of figure 4), 

the imaginary becomes less negative at frequencies above 888 Hz.

In order to make inversion sounding" models from the slingram data, the 

zero calibration of the equipment must be determined. The following method 

was used prior to making field measurements. A calibration test site was 

established over a highly resistive, homogeneous granitic outcrop southwest 

of Denver. Vertical electric soundings (VES) and electromagnetic traverses 

were made over the test site area to determine the depth of weathering and
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3. Diagram showing theoretical slingram response computed over a layered-earth 
model at 122-, 183-, and 244-m coil separation. The geoelectric model is 
shown on the right hand side.
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 Theoretical slingram responses computed at 244-m coil separation and 
varying the depth to a conductive layer (p_) in model shown.



homogeneity of the test area. The VES data were inverted to determine a 

geoelectric section. A forward-solution computation was made to ascertain the 

theoretical slingram response over the VES computed model. Comparison of the 

observed slingram data with the theoretical response established the slingram 

zero at the various frequencies. Table 1 summarizes the results of the 

slingram zero-calibration procedures.

Table 1. Comparison of theoretical and observed slingram response using

horizontal coplanar coils and a 244-m coil separation 

Frequency (Hz) 222" 444" 888 1777 3555

Real Imag Real Imag Real Imag Real Imag Real Imag

Observed 9775 ^FTo 957! O %7oO 9973 1470 100.0 25.0

Computed 100.7 2.0 101.6 3.6 103.4 5.6 106.6 7.7 111.5 9.0

Zero 96.2 -3.9 94.0 -0.4 93.0 2.2 93.8 6.4 90.9 15.1

The observed field data presented in this report have been corrected to the 

instrument zero at each frequency by the following formulas:

Re = (Rf + 100)(sd/hd) 3

Corrected real and imaginary response = -   xlOO in percent
Ro T ilo

where Re and If are the real and imaginary field values, in which the 

real has been corrected for changes in slope distance; Ro and lo are the real 

and imaginary zero values; sd is the slope distance; and hd is the horizontal 

distance (coil spacing). The terrain in the Nevada Test Site survey area was 

rather flat (less than 3 percent slope), and so there was no need to correct 

for the difference in slope and horizontal distances.
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Data handling and interpretation procedures

The observed field data were compiled using the assistance of a digital 

computer. The complete data set is shown in the appendix to this report. 

Each observation is referenced to the map grid, as shown on figure 2, with an 

x, y position. Traverse lines 4 through 10 were compiled into contour maps 

(area A), and lines 2-3 and 11 through 34 were compiled into a second area 

(B). Contour maps of the slingram response at two frequencies (444 and 1777 

Hz) from the areas A and B are shown in figures 5 through 10.

In addition to the contour maps, selected data were treated by 

quantitative interpretation procedures, whereby a layered-earth model is 

computed that satisfies the observed data within certain limits. The loop- 

loop inversion program used in this technique was written by Walter Anderson 

(unpublished data, 1978). During the process of quantitative analysis, it was 

found that a satisfactory model which fit the real and imaginary parts of the 

observations simultaneously could not be derived. The lack of a reasonable 

fit of both components to the same model probably results from detectable 

lateral changes in conductivity of the geoelectric section that are not 

accounted for by the one-dimensional models. Also, a possibility exists that 

the real component, which is most susceptible to coil orientation and spacing 

errors, contains uncorrected and unrecognized errors. Further, some of the 

many surface wire conductors lying across the survey area could not be 

avoided. These factors no doubt contributed to the data noise. It seems most 

likely, however, that the subsurface geology and structure are more complex 

than the assumed simple isotropic, layered-earth model.



Discussion of results

The slingram response at 444 and 1777 Hz in area A (survey lines 4-10) 

is shown as contour maps in figures 5 and 6. The survey lines began at the 

west end over unconsolidated fan and stream alluvium and ended at or near 

outcrops of the Belted Range Tuff (nonwelded ash-flow and ash-fall tuffs) on 

the east end. The slingram data indicate a general deepening of the alluvium 

over the central part of the mapped area, which is in accord with gravity data 

that indicate a small graben in this area. Toward the eastern and western 

edges, conductive rocks are at shallow depths. Gradients in the contoured EM 

responses form contour linears trending northeast and suggest rather abrupt 

changes in the conductivity at shallow depths. These changes in conductivity 

are most likely due to varying depths of conductivity in the vertical section 

rather than to lateral changes of conductivity in the alluvium. Whether or 

not these assumed abrupt changes are related to bedrock topography or faulting 

cannot be ascertained by these data alone.

In area B, the slingram data (figs. 7-10) indicate trends similar to 

those in area A. Steeper gradients in the contoured values form northeast 

trending contour linears. These are most pronounced in the real components at 

both 444 and 1777 Hz (figs. 7, 9); they are particularly prominent in the 

southern half of the maps south of grid line 836,000. Here again, it is not 

possible to say that these contour linears indicate northeastern structures, 

but it is clear that conductive rocks are nearer the surface of the alluvial 

fan west of these linears than they are to the east. This is borne out by the 

higher negative response in the imaginary component at both frequencies 444 

and 1777 Hz (figs. 8, 10).

10
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5. Contour map showing the slingram response in area A at 444 Hz. The 
upper map is the real-component, the lower is the imaginary. Contour 
values are in percent of the primary field.
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6. Contour maps of the slingram responses in area A at 1777 Hz. The upper 
map is the real-component, the lower is the imaginary-component. Contour 
values are in percent of the primary field.
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7. Contour map of the real-component slingram response in area B at 444 Hz. 
Contour values are in percent of the primary field.
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8. Contour map of the imaginary-component response in area B at 444 Hz. Contour 
values are in percent of the primary field.
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9. Contour map of the real-component slingram response in area B at 1777 Hz. 
Contour values are in percent of the primary field.
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10. Contour map of the imaginary-component slingram response in area B at 1777 Hz, 
Contour values are in percent of the primary field.
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The data shown on the contour maps (figs. 7-10) are somewhat more 

uniform north of grid line 837,000 than south of this point. There is some 

suggestion of a continuation of the northeast trend but it is not nearly as 

pronounced, suggesting a more uniform section from west to east than is 

present south of grid line 837,000.

One area of high slingram response is seen near the intersection of grid 

lines 837,000 and 656,000 (figs. 8, 9). The high response probably results 

from a surface conductor (a twisted pair of wires) that was crossed along this 

portion of a traverse.

Data along traverse lines 3 and 21 were inverted and the resultant geo- 

electric sections are shown in figure 11. In both sections the depth to what 

appears to be the argillaceous Eleana Formation (20-40 ft-m) increases from 

west to east. The overlying high-resistivity material, (300-500 ft-m), 

tentatively identified as unsaturated gravel thickens in section to the east. 

The upper alluvium along line 3 seems to be rather uniform in thickness (> 5m) 

and apparent resistivity (10 12-m)   Along line 21 the first layer is somewhat 

different (58-127 ft-m), indicating perhaps the presence of a more resistive 

gravel or coarser alluvial debris. It is interesting to note that the second 

layer west of station 650,000 on line 3 and west of station 653,000 on line 21 

is significantly more conductive than to the east of these stations. How this 

relates to the subsurface geology is unclear, but a line connecting this break 

in the second-layer conductivity between traverse lines 3 and 21 corresponds 

to the contour linear formed by the data on the contour maps mentioned 

earlier. Hence, a inferred fault is drawn on the sections at this location. 

The upper two layers, however, are believed to represent differences in 

lithology of the unsaturated alluvium.

17
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Conclusions

The slingram data presented in this report indicate a possible 

northeastern-trending structure crossing the surveyed area. The feature is 

characterized by steep gradients in the contoured maps and as a possible break 

in the second-layer conductivities, as seen by the inverted data sections. 

Conductive rocks west of this feature are nearer the surface than those to the 

east. The data indicate a more uniform geologic section north of grid line 

837,000 than to the south, although data trend lines do continue northeast 

through the area north of grid 837,000. While the slingram data alone are not 

conclusive evidence of northeastern fracturing along the eastern edge of 

Syncline Ridge, they may provide one line of evidence which, when interpreted 

in the light of other geologic and geophysical data, will be helpful in 

understanding the geology and structure of the study area.
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